A secure suture-tendon construct is essential in orthopaedic surgeries, especially in ligament reconstruction surgeries. Once achieving a strong fixation strength, early rehabilitation can be allowed before the completion of biologic healing in the graft tunnel.[@bib1], [@bib2], [@bib3], [@bib4] In past decades, various suture techniques have been addressed for tendon graft fixation[@bib1]^,^[@bib3], [@bib4], [@bib5], [@bib6], [@bib7], [@bib8]; among these techniques, the Krackow suture[@bib6] remains the most popular because it provides superior biomechanical properties.[@bib9], [@bib10], [@bib11]

In addition to the suture technique, the type of suture material may also affect the fixation strength of a suture-tendon construct.[@bib12] Gnandt et al.[@bib12] compared the biomechanical properties of a high-tensile strength tape and a high-tensile strength suture in tendon graft fixation. Their results showed that the high-tensile strength tape withstood a significantly higher load than the high-tensile strength suture during a single load to failure test.[@bib12]

Recently, a high-tensile strength tape, called SutureTape (Arthrex, Naples, FL), was developed to avoid cutting through of soft tissue by the solid cores of sutures as well as creating tears in gloves during surgery.[@bib13] Unlike the previously proposed high-tensile strength tape, FiberTape (Arthrex). SutureTape does not contain a central ultra-high molecular weight polyethylene round core; instead, the ultra-high molecular weight polyethylene portion extends over the entire width of the tape.[@bib13] Therefore, 1 of the advantage of the SutureTape is the easiness of making knot-tying, compared with the FiberTape, In addition, the previous biomechanical study indicated that SutureTape featured greater knot security, ultimate load to failure, and tensile stiffness than the high-tensile strength round core suture, FiberWire (Arthrex).[@bib13]

Although the previous biomechanical study indicated that the high-tensile strength tape had greater tendon graft fixation strength than the high-tensile strength suture in a single load to failure test, the impact of a cyclic loading test was not evaluated.[@bib12] On the other hand, since a high-tensile strength tape was just developed recently, little is known about its biomechanical properties in tendon graft fixation. The purpose of this study was to compare the biomechanical properties of a high-tensile strength suture with the high-tensile strength tape for tendon graft fixation. Our hypothesis was that the suture-tendon construct with the high-tensile strength tape would have a comparable elongation after cyclic loading and a greater maximal failure load.

Methods {#sec1}
=======

This study was granted an exemption from the institutional review board in our hospital. Porcine flexor profundus tendons were used as surrogates for human semitendinosus tendons.[@bib14] Tendons of equal length (18 cm) were excised from adult male porcine (mean age, 2 years) hindleg trotters. The hindleg trotters were stored at -20°C and thawed to room temperature before dissection.

Next, the entire flexor profundus tendon was harvested and evaluated carefully for possible degenerative or pathologic lesions. After the quality of the tendon was confirmed, the attached soft tissue, such as the synovial sheath, was removed from the tendons. A 5-mm-thick transverse section was acquired from the distal end of each tendon, and the cross-sectional area of each tendon was measured with the assistance of a calibration scale, a digital camera (EOS 60D; Canon, Tokyo, Japan), and open-source image processing software (ImageJ, version 1.52p; National Institutes of Health, Bethesda, MD).

A total of 24 porcine tendons were used and were randomly divided into 2 groups of 12 specimens each. Two kinds of suture materials were selected for the 2 groups, a braided nonabsorbable high-strength suture (group S) and a braided nonabsorbable high-strength tape (group T). In group S, a No. 2 FiberWire (Arthrex) was used, whereas a 1.3-mm SutureTape (Arthrex) was used in group T. Starting 10 mm from the distal end of the tendon, Krackow stitch configurations with 3 pairs of throws along each side of the tendon were conducted for each specimen. The Krackow stitch began 10 mm from the distal end of the tendon ([Fig 1](#fig1){ref-type="fig"}). To prevent tendon dehydration, 0.9% saline solution was sprayed on the tendons to keep them moist during preparation and testing.Fig 1(A) Braided nonabsorbable high-strength suture and (B) high-tensile strength tapes were used to complete 3 pairs of Krackow stitches on the tendons. The Krackow stitch began 10 mm from the distal end of the tendon.

Biomechanical Testing {#sec1.1}
---------------------

The prepared specimens were mounted on a material-testing system (AG-X; Shimadzu, Tokyo, Japan). The proximal ends of the tendons were fixed with a sinusoid clamp, making the length of the free tendons equal (9 cm). The ends of the suture limbs were knotted together and looped over a post on the adapter of the material-testing machine ([Fig 2](#fig2){ref-type="fig"}). The parameters in the biomechanical testing protocol were in accordance to previous studies.[@bib1]^,^[@bib4]^,^[@bib9]^,^[@bib15], [@bib16], [@bib17], [@bib18], [@bib19], [@bib20], [@bib21] All specimens were initially pretensioned to 100 N at a rate of 100 mm/min for 3 cycles and then preloaded to 50 N for 1 minute. After that, each specimen was cyclically loaded between 50 and 200 N with a cross-head speed of 200 mm/min for 200 cycles.Fig 2Illustration of the biomechanical testing setup. The tendon was fixed in a sinusoid clamp; the ends of the sutures were knotted tightly and looped over a post on the load cell connected to the materials-testing machine. A dark blue line was drawn 5 cm from the distal end of the tendon, and 2 dark blue dots was marked on both suture limbs to serve as indicators for measuring the elongation of the suture-tendon construct.

A dark blue line was drawn 5 cm from the distal end of the tendon, whereas another 2 dark blue dots were marked on both suture limbs where they extended from the tendon. These markers served as indicators for measuring the elongation of the suture-tendon construct. By calculating the difference in distance between the dark blue line on the tendon and the marks on both sutures after pretensioning and cyclic loading, the elongation value after cyclic loading could be obtained. A digital camera (HDR-XR 269; Sony, Tokyo, Japan) was used for capturing images, whereas an image processing software (ImageJ, version 1.52p; National Institutes of Health) was used for measuring the distance between the indicators. After completing the cyclic loading, each suture-tendon construct was finally loaded to failure at a rate of 20 mm/min, where failure was defined as the time at which the maximum tensile force suddenly dropped or was discontinued in the load-displacement curve. The maximal failure load of each specimen was recorded. At the end of the testing, the mode of failure of each specimen was recorded.

Statistical Analysis {#sec1.2}
--------------------

A pilot study with a total of 8 specimens randomly assigned to 2 groups (group S and group T) was designed. The data of ultimate failure load were collected and used to calculate the required sample size with G∗Power, version 3.1.3, software (Heinrich Heine-University of Dusseldorf, Dusseldorf, Germany). After setting an α equal to 0.05 and a power (1 - β) of 0.80 for this a priori power analysis model, an effect size of 0.67 was obtained, and consequently the required sample size for 20 specimens was determined. We finally included 24 samples in total, with 12 in each group.

The statistical analysis was conducted with SPSS for Windows (version 20.0; IBM SPSS Inc., Chicago, IL). Descriptive statistics, such as means and standard deviations, were obtained for both groups. The Wilcoxon signed-rank test, a nonparametric statistical hypothesis test, was used to compare the between-group parameters. The statistical significance was set as *P* \< .05.

Results {#sec2}
=======

The cross-sectional areas of the porcine tendons in group S (43.4 ± 3.8 mm^2^) and group T (42.2 ± 4.6 mm^2^) were not significantly different (*P* = .443). The elongation after cyclic loading in group S (26% ± 5%) and group T (24% ± 5%) were not significantly different (*P* = .378). The ultimate loads to failure in group T (400 ± 38 N) were significantly greater than those in group S (358 ± 21 N) (*P* = .010). All specimens in both groups failed because of suture or tape breakage at the knot in the final load-to-failure tests ([Table 1](#tbl1){ref-type="table"}).Table 1Biomechanical Properties of the Krackow Stitch With High-Strength Sutures (Group S) and High-Strength Tapes (Group T)GroupsElongation After Cyclic Loading (% ± SD)Ultimate Failure Load (N ± SD)Failure ModeGroup S26% ± 5%358 ± 21 N[∗](#tbl1fnlowast){ref-type="table-fn"}Rupture of suture at knotGroup T24% ± 5%400 ± 38 N[∗](#tbl1fnlowast){ref-type="table-fn"}Rupture of suture at knot*P* value.378.010[^1]

Discussion {#sec3}
==========

The major findings of this study demonstrated that the high-tensile strength tape group had similar elongation after cyclic loading and significantly greater ultimate failure loads compared with the high-tensile strength suture group. A secure suture-tendon construct is especially important when a post tie fixation technique is used because the mitigating construct may potentially lead to graft loosening and affect graft healing. Numerous biomechanical studies have been conducted to obtain reliable suture-tendon constructs,[@bib1]^,^[@bib3]^,^[@bib4]^,^[@bib7]^,^[@bib8]^,^[@bib11]^,^[@bib15], [@bib16], [@bib17], [@bib18], [@bib19], [@bib20], [@bib21], [@bib22], [@bib23] and using the Krackow suture technique accompanied with a high-tensile strength suture is currently the most popular method. Recently, a high-tensile strength tape was developed, which was reported to have greater knot security, ultimate load to failure, and tensile stiffness as compared to the high-tensile strength round core suture.[@bib13] Our study further indicated the superior biomechanical properties of the high-tensile strength tape for use in tendon graft fixation as compared with a high-tensile strength suture.

The design of tape-shaped suture materials it aimed toward achieving better performance in terms of securing tissue. Theoretically, the larger tissue contact area of a suture tape will allow the force to spread across a broader tissue area, potentially resulting in greater resistance to pull-out forces.[@bib12]^,^[@bib13] A previous biomechanical study seemed to support this viewpoint given that using high-tensile strength tapes in whip stitch and Krackow stitch configurations achieved significantly greater maximum load at failure as compared to using high-tensile strength sutures during a single load to failure test.[@bib12] When a high-tensile strength tape that is smaller in size, called SutureTape, was developed, Leishman's group evaluated its biomechanical properties and indicated that SutureTape demonstrated superior knot security with greater ultimate load to failure as compared to the high-tensile strength suture.[@bib13] Our study further evaluated the biomechanical performance of SutureTape in tendon graft fixation. We found that SutureTape had superior biomechanical properties compared with a high-tensile strength suture. Consequently, it is reasonable to consider SutureTape as an alternative in tendon graft fixation.

Given that the cyclic loading test simulates postoperative rehabilitation, larger tendon-graft elongation after cyclic loading may refer to graft loosening, therefore leading to clinical failure.[@bib1] In the present study, we found 26% ± 5% and 24% ± 5% elongation after cyclic loading in the high-tensile strength suture group and high-tensile strength tape group, respectively. The between-group results were not significantly different, indicating that the degree of suture slippage occurring at the suture-tendon junction was similar. Although data from different experiments could not be compared directly, the results from the cyclic loading tests in the present study were consistent with those reported in previous studies.[@bib17]^,^[@bib20] Hong et al.[@bib17] reported 26.5% ± 3.9% elongation with the Krackow suture technique in 3 pairs of suture throws using a high-tensile strength suture; another study with similar experimental setup also described a 26% ± 6% elongation after cyclic loading.[@bib20]

Ideally, using tape-shape sutures may provide more contact area at the suture-tendon junction and thus may decrease the pressure on tendons. Thus, using tape-type sutures could potentially decrease the occurrence of tendons pulled through by sutures and enhance resistance to the pull-out forces. A previous biomechanical study agreed with this hypothesis and indicated that standard No. 2 sutures expanded their initial suture holes more than tape-type sutures during cyclic loading tests, thus suggesting that tape-type sutures may be more resistance to suture pulling through tendon.[@bib24] In the present study, however, suture pulling through tendon was not an issue because all of the specimens failed from suture rupture. Instead, the mechanical strength of the suture itself was found to affect the resultant ultimate failure loads. Because a previous study[@bib13] demonstrated that high-tensile strength tape has a larger ultimate failure load than a suture, it was not surprising to find a greater ultimate failure load in group T compared with in group S.

Limitations {#sec3.1}
-----------

This study had some limitations. First, porcine flexor tendons were used in this study, rather than human tendons. In spite of some structural differences between porcine and human tendons, the porcine flexor tendons are considered to be reasonable surrogates for human semitendinosus tendons.[@bib14] Second, although a cyclic loading test in a single axial direction was used for simulating repeated movements during rehabilitation, the actual physiologic loading conditions could not be completely simulated. Third, clinical applications could not be completely extrapolated from the results of the present biomechanical study. Despite this, the data from previous reports could be a reference. For example, the mean generated isometric force of quadriceps muscles during an active straight-leg-raising maneuver in a sitting position was around 60 to 70 N.[@bib25] Finally, the individual surgeon's technique could affect the elongation of the suture-tendon construct. In the current study, all specimens were completed by a single surgeon, thereby reducing operational error.

Conclusions {#sec4}
===========

Compared with the braided nonabsorbable high-strength suture, the high-tensile strength tape had similar elongation values after cyclic loading, but significantly greater ultimate failure load in this porcine in vitro biomechanical model.
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[^1]: Significantly different between 2 groups with the Mann-Whitney *U* test (*P* \< .05).
